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Traditional Medical Practitioners (TMP) in the country (Edinburg, (998), compared with 
approximately 30 000 general practitioners registered with The Health Professionals 
Council of South Africa. The ratio of healers to people in the KwaZulu-Natal province, for 
example, is 1:500 whilst the ratio of western medical doctors is 1:17 500. The traditional 
healers playa very prominent role in South African society (Veale et aI., 1992). They are 
enshrined in the minds of the people and respected in their communities, and they are often 
opinion leaders (Kale, 1995). 
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Figure 1.2.1. Map of the Provinces of South Africa 
There are broadly three main types of traditional healers practising in South Africa. Firstly, 
there is the traditional doctor or herbalist, inyanga (Zulu; plural izinyanga), ixwele 
(Xhosa), nqaka (Sotho), bossidokter and kruiedokter(Western and Northern Cape). This is 
generally a male who uses herbal and other medicinal preparations for treating disease. 
Secondly, there is the isangoma (Zulu), dingaka (Sotho) or amagqira (Xhosa). /sangomas 
are diviners; they determine the cause of illness by using ancestral spirits, and they are 
usually female. The tenns inyanga and sangoma used to refer exclusively to the herbalist 
and diviner respectively, but in modem times, the distinction has become blurred, with 
some healers practising both arts. The third type is the umthandazi, or faith healer who 
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Plate 1.3.2.1. Some common medicinal plants in South Africa 
Acacia karroo 
Cinnamomum camphora 
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Pro tea repens 
Ricinus communis 
All photographs reproduced with kind permission from Van Wyk BE, Van Oudtshoorn Band 
Gericke N. Med icina I Pia nts of South Af.-ica. Pretoria: Briza Publications; 1997. 
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Watt & ~'": 
Anti -arthritic :1" 
Anti-cancer 1996 
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Plate 1.4.1. Some potentially toxic plants of South Africa 
Acokanthera oppositifolia Bowiea vo/ubi/is 
Datura stramonium Drimia robusta 
Scilla natalensis Strychnos henningsii 
All photographs reproduced with kind permission from Van Wyk BE, Van Oudtshoorn B, Gericke 
N. Medicinal Plants of South Africa. Pretoria: Briza Publications; 1997. 
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Van et 1997 
Codd 
Common 
Bowiea volubilis Harv. I Re~~~dedh~IJ:l~n 1989 
ex Hook. f. 
bladder 
""" c:; 
Liver fatal liver 1991 :--l ..., 
I:i 
cardiac failure necrosis after use Watson et 1979 ~ ,..... ----r--- ,,------/ I --T- ~: w c:; 
induce WainrilIht et aL 1977 ~ ::::.. 
'.;.."";.;:.< 
"" t;; :;:: 
Datura stramonium alkaloids I Increased heart rate, eye muscle 
I 
I Watt& 1962 ;:7 s· 
" Thomaoole oaralvsis. reduced sweatine. ::;;' 
Van et 1997 ~ -~ 
Drimia robusta Bak. 
I diseases of bladder and uterus 
Calcium oxalate Watt & Brever-Brandwiik. 1962 
lsiklenama (Zulu) 


















Scilla natalensis Enema, Durgative. female 













Death of stock 1981 
"<:t 
Watt & Hr"''''''T_Hr''" 1962 
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Plate 2.1. Photo gallery of some Ama.-yllidaceae species 
Amaryllis belladonna Brunsvigia radulosa C/ivia miniata 
Cybistetes longifo/ia Cyrtanthus spira/is Ga/anthus nivalis 
Narcissus jonquil/a. Nerine undulata Scadoxus multjflorus 
All images copyright The International Bulb Society: http :jwww.bulbsociety.com. and 
reproduced with kind permission from Kelly Irvin. 
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and abscesses 
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Decoction administered as n{)Ulprtn sedative to 
Diviners administer to to induce visual 
hallucinations 
To check and treat skin diseases 
To combat "red water" disease in cattle 
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Zulu 
Zulu Watt and 1962 
bulb scale for circumcision wounds Xhosa Watt and 1962 
Clivia miniata (Lind!.) Regel I aerial To initiate labour and facilitate in childbirth Zulu Veale et 
To treat tract infections and Xhosa 
leaves To induce labour Zulu Veale et al.. 1992 ~t 
to snakebite wound Zulu 
Clivia nobilis Protective Zulu 
N Crinum sp. Mixed with roots of Gunnera perpensa Zulu I Watt and Brever-Brandwiik. 1962 \.J) 
for treatment for and ''''";;! Vi palll I \:~ 
~-
from rheumatic fever 
:::~.' 
for scrofula I Zulu I Watt and Brever-Brandwiik. 1962 I 
Crinum (Burm. Milne- Treatment of varicose 
Redh. & Schweik. veins and backache Tswana 
Poultices for sores and abscesses Zulu et aI., 1996 
leaf I Infusion for rheumatic fever Zulu et aI., 1996 
Part of infusion taken in pregnancy to ease deliverY Zulu I Hutchings et al.. 1996 
University of Cape Town
and as 
)tective channs 
Crinum delaf'oense Verdoom I bulb I Taken to reduce tract Zulu et 1996 
I 
infections 
Crinum kirkii bulb scale Arrow and rat 
'-' 
Crinum macowanii Bak. bulb Treatment of 
~ 
transmitted diseases and Zulu r;; 
r tractlbladder as an emetic 
Treatment of tuberculosis Zulu I Van Wvk and Gericke. 2000 
IV I To reduce fever, backaches Xhosa Hutchin!!s et al.. 1996 0\ 
To improve lactation ~ 
;::e:-
:::-' 
Crinum moorei Hook. F. I bulb I Treatment ofurinarv tract infections and bodv Zulu I Hutchin!!s et al.. 1996 ~ ... -
bulb channs stonns and evil Zulu 1996 
bulb Zulu 
Ait I bulb 
Infusion to treat stomach ache Zulu 
bulb scale Applied to areas afflicted with I Watt and Brever-Brandwiik. 1962 
Snuff taken to relieve headaches 
To aid union of fractures 
University of Cape Town
Zulu 
Khoi 
linearis L. BoL I fruit I Alcoholic tincture for disturbances Watt and Brever-Brandwiik. 1962 
'-' 
~ 
Haemanthus sp. whole treatment of febrile et aI., 1996 " 
and wounds Watt and 1962 
Haemanthus bulb Emetic Zulu 
N 
Treatment of chronic Xhosa -...l 
Haemanthus coccineus L. I leaf Afrikaans v Ull Y't' Y 1'.- UllY U' .. d_ J.\.Il'\..V, ...t...vvv -. ;:~ 
nd as antiasthmatic 
~. 
" 
San Van Wvk and Gericke. 2000 
~,-" 
Scadoxus over scarifications of breasts as 
Used in love charm emetics Zulu 1996 
Friis & Nordal I 'hi:me & 1 T,eatment ofheadaches and as DOlilliees 
root Administered as antidote for. . 
Emetic for et aL 1996 
Taken pregnancy to facilitate safe Veale et 
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Boophane disticha (1. f.) Herb 
Clivia miniata 
Crinum macowanii Bak. 
Crinum moorei Hook. f. 
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Plasmodium 
mClceum in chickens 
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lymphocytic leukemia in vitro 
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rhinovirus strains 
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3.1.1. Cyrtanthus sanguineus (Lindl.) Walp. 
Corrunon names: Large Red Cyrtanthus, Inanda Lily, Kel Lily; Keilelie (Afrikaans); 
isilawu esimhlophe (Xhosa) (sanguineus-blood red) (Pooley, 1998). C. sanguineus 
reaches a height of about 300 rrnn and grows in clumps, on rock faces, near water and 
at the coast to an altitude of 600 m. The bulb is oval, ± 100 x 80 rnrn, with a long neck, 
which is mostly above ground, The leaves occur with the flowers and are ± 400 x 20 
nun in size; green with a waxy bloom and reddish at the base. C. sanguineus is in flower 
from January to April, and the flowers are red, with lobes ± 50 x 17 rnrn, that are faintly 
scented and curl back, and generally occur in pairs. The C. sanguineus is a popular. 
attractive garden plant, which has been in cultivation since 1846, when it was lmported 
into England from the Cape, and presented to the London Horticultural Society 
(Pooley, 1998, Reid and Dyer, 1984). 
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3 .1.2 . Cyrtilnthus obUquus (L. f . ) Ait. 
COll'lllOn ~s Giant C)TIanthus. Knysnalclic (Afrikaans). umarhullga (Zulu) 
(obItqUU!·sl3nllng) (Pooley, 1998) A robust evcrgrecn. dw reaches a height of up \0 
600 II'ITI, and Jl'o .... , VI dry I"OI:Icy grauland or thlckd The bI.Ilb is subglobos and can 
reach 100 IlTI1 in diameter. wilh the neck oflhc bu lb abo .. c groll nd The leaves grow m 
a (an, 200-600 II )0-60 nm, are bluM tipped and twisted , with lhe margins edged 
yellow ral 1lIe plal1l flowers from August to February. the no .... ers occur in 
IIlI\orCSCCTlCc, 6-12 at a lime, and are hanging. with a hollow stem The flowers arc ± 70 
~ 2~ rm1, yellOwISh green and red in colour, with wa1()' bloom and lobes ± 25 l( t 5 mm, 
lipped green C. obllqllliJ is a llardy garderl plan! Iha1 has been cuhivatcd In Europe fur 
over 150 years (Pooley, 1998, Rcid and Dyer, 1984) 
Plate 3 . 1.2. Cyrtanthus obIiquU$ Cl lnternatlOnal Bulb SOCiety, reproduced 


















Figure 3.1.1. Distribution of Cyrtanthu5 obliquus eL.f.) Ait (red circles) 
and Cyrtanthus sanguineus (Lind!.) Walp. (blue squares) in South Africa. 
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NMR NMR 1 ( Dasea on H 
2 I a 2.00 ddd a 2.17 I ddd(15.6. 5.3. 3.7) 29.6 t 
P 2.57 ddd P 2.41 m CoL C-3. C-4. C-10b 
a 4.04 t 4.12 dt 61.4 d C-4a 
,". -5.99 ddd L5) 5.96 m 129.6 d C-lOb -
'" 5.72 d 5.96 m 125.3 d C-10b 
a 3.65 d(l a 3.59 dd (15.0. 1.9) 62.3 t C-7. C-10a. C-12. NMe 
p 3.87 d P 3.87 d (15.0) C-7. C-10a. C-12 
01 6a 
I 
126.8 s w 
6.56 d (8.0) 6.59 d 121.3 d C-10a 






p 3.49 brs p 3.47 dd 67.1 d C-4a. C-10b 
a 3.18 brs a 3.02 ddd 60.7 t C-lI 
!3 3.18 brs B 3.15 I dd C-6 
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p H-l, H-4 H-l, H-4 
3 a H-4a H-4 
4 H-4a H-4a 
4a H-4 
6 a H-12a NMe 
p H-6a NMe 
7 H-8 H-8 
8 H-7 H-7 
11 P H-12a H-l, H-J 
12 a H-IIP, H-IIP, NMe 
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1. NM HM 
C-II 
2 6.05 dd(9.5, 124.3 d Col, C-4, C-IOb 
3 at 3.89 m 71.2 d Col, OMe 
4 at 1.49 ddd 3.0) 30.4 
~ 2.36 dt (1 C-lOb 
4a 3.75 dd(11 4.5) 61.6 d C-IOa, C-II, C-12 
6 at 3.67 d(1 50.5 C-II, Col' 
~ 3.92 dO C-lOa, C-II, Col' 
6a 129.1 s 
7 6.46 s 106.0 d C-10a 
8 146.8 s 
9 146.9 s 
10 6.75 s 108.4 d C-lOb 
lOa 130.5 s 
lOb 44.4 s 
I I 3.64 s 66.0 d Col, C-I' 
12 172.3 s 
I 'a 3.29 dt 8.0) 56.8 C-II, C-2', C-3' 
l'b 3.23 dt C-Il, C-2', C-3' 
2'a 2.75 33.8 C-I', C-3', C-4', C-8' 
2'b 2.75 C-1 " C-3', C-4', C-S' 
3' 132.0 s 
4', S' 7.01 d 2H 129.S d C-2' 
5',7' 6.73 d (S.7) 2H 115.2 d C-3', C-6', C-4', C-S' 
6' 154.3 s 
NMe 2.71 s 27.7 q C-12 
OMe 3.45 s 56.5 q C-3 
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H-l 6.41d 6.42 d 4.30 m 4.59 s 5.44 d 4.67 m 5.60 dt 8.32 dd ! 
-
H-2 6.38 dd 6.33 dd 5.96 dd 6.15 dt 7.57 ddd --
.-
H-2a 2.45 d 4.25 brs 3.7-3.8 m -- -- -- ,:::; 








H-4 8.07 dd -- -- &: 
H-4a 1.90 dd 2.30 m 1.6-2.0 m 1.70 m 2.24 m --




H-4a 3.22 dd 3.20 dd 1.6-2.0 m (2H) 3.93 d 3.13 d 3.7-3.8 m 2.86m 
::s-
H-6 9.03 s -- --
'-
H-6a 3.71 d 5.83 s 3.55 d 4.21 d 3.58 d 4.64 d -- --
-
H-6P 4.34 d 5.82 s 3.93 d 4.45 d 4.08 d 4.96 d ----
H-7 6.49s 6.78 s 6.60 d 6.83 s 7.52 s 6.68 s 6.50 s 7.28s 
-- ~-:.,-
H-8 6.72 d -- -- -- --
'- -
H-lO 6.84s 6.70 s 7.00 s 6.75 s 6.88 s 6.85 s 7.86 s 
- "-
H-I0b 2.99 d 2.70 d -- -- --
t-
H-ll 4.45 dd 5.58 brs -- -- -- --
f-- ,-
H-lla 1.6-2.0 m 2.84m -- -- --
- t- '- ,,- - -
H-llP -- 1.6-2.0 m 2.84m -- --
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3.00 d 3.75 m --
4.32m --
3.19 m 




3.42s 3.85 s --
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Acerylcho/ine$le' ase inhIbition by II a·/iydroxygaiatUllamine 
reported (Winblad et d , 1993), Phosphatidylserine has been shown to increase 
acetylcholine release from rat oortical slices, although the mechanism of action is as yet 
unknown. On the other hand, 4-aminopyridine acts to block potassium channels, thus 
prolonging depolarisation and thereby increasing neurotransmitter release. 
PftE-SYNAP'TlC 
NEURON 
POST -SvtW>TlC NEUfIDN 
© Overseas Publishers Association 
Figure 4.1.2. Some mechanisms and intervention sites at the cho linergic 
synapse. Inhibiting acetylcholinesterase, which degrades the neurot ransmitter 
can restore reduced intrasynaptic concentration of acetylcholine; or post-
synaptic muscarinic receptors can be preserved by Ml-agonists. Reproduced 
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4.2. Acetylcholinesterase Inhibition Assays 
A photometric 1TI(:1hod for determimng acetylcholinesterase activity in vitro was first 
descnbed by Ellman et al in 1961. Acetylcholinesterase hydrolyses acclylthiocholine to 
yield free thiocholint. The enzyme activity is measured by followmg the increase of yellow 
(OIOUT produced from thkx;hoiine when it reacts with dithiobisnitrobenzoate ion It is based 
on the coupling of these reactions" 
(AChE) 
Acety lthiocholine ~ t hiochOline + (lcet ilte 
Thlocholine + dith iobisnilrobenzoale..... 5-thlo-2-nit ro-benzoic acid (vellow colour) 
Tile inhibitory effect of llrx-hydroxygalantharnine (27) on erythrocyte acetycholineslerase 
in vitro was established, using an adaptation of the original photometrit 96-well microtitre 
plate assay, as detailed in Chapter 5.] . 
4.2.1. Results of AChE inhibition by 11o:-hydroxygalanthamine 
, .. . ~ 
c , 




..-.- . l1"'HJd<Q'Y~" 
~ ·T"",'" 
" 75 '" 
Time after addn of substrate (mins) 
Figure 4 .2. 1 .1 . Acetylcholinesterase activ ity in t he presence of galantham ine, 
l1,,-hydroxygalanthamine (l1a- hydroxygal) and tacrine, respectively 















-8 -7 -6 -5 -, 
log inhibitor concentration [M] 
Figure 4.2.1.2. Dose response curves for the inhibition of erythrocyte AChE by 
galanthamine, llu-hydroxygalanthamine ( llu-hydroxygal) and tacrine, 
respectively (n : 6). 
Table 4 ,2.1.1. IC~o values for erythrocyte AChE inhibition (n=6) 
Compound AChE Inhibition 
ICso ± SEM (!-1M) 
Galanthamille 0 .33 ± 1.32 
Iia-Hydroxygalanthamine 0.72 ± I IS 
Tacrine O. 10 ± 112 
I 
The AChE inJubitory activity of l la-hydrorygalanthamine was demonstrated to be 
competitive, reversible inhibition (as shown in Figure 4.2.1.1 .) and to be dose-dependent 
(Figure 4.2.1.2.) Statistical analysis of the mean TCjo values (concentration required to 
inhibit ACIlE by 50%) for galanthamine and 11«-hydroxygalanthamine showed that there is 
a significant difference betweeJJ the mean TC~o values of galanthamine and 110:-
hydroxygalanthamine, at 95% confidence limits (P<O OS). The TCjo value achieved for 
gaJanthamioe (0 33 I.l.M) is consistent with values previously reported for erythrocyte AChE 
inhibition (0 35 ,..M, Thomsen and Kewitz, 1990, Fulton and Benfield, \996), whereas 110:-











conclusion, there was no improvement in the acetykholinesu:rose inhibitory activity of I lce.-
hydroxygalanthrunine over the activity of gatanthaminc. It is possible that the hydroxyl 
group in the pJelldotlXial position on the C- II of 11ce.-hydroxygalanthamine is spatially 
restricted from fonning any additional hydrogen bond with the bridge-oxygen between C olO 
and C- t I t is also possible that with the hydroxyl group projecting downwards, the Iln-
hydroxygalanthamine is restricted from auaching as effectively as galanthamine onto the 
surface oflhe acetylcholinesterase. 
4.2.2. Comparison of AChE inhibition by different alkaloid types 
As detailed in C hapter 2.2.1 , the Amaryllidacaeae alkaloids are classified into nine principal 
skeletally homogenous subgroups, with representative alkaloids from each of these classes 
including norbelladine (3), Iycorine (4), homolycorine (5), crinine (6), haemanthamine (7), 
wettine (8), narciclasine (9), monlanine (10), and galanthamine ( 11 ). II was in teresting to 
compare the AChE inhibitory activity of some of the different alkaloid types from the 
Cyrtanthus species, to determine the specificity of alkaloid structure for acetylcholinesterase 
inhibition The alkaloids were prepared as stock solutions of 10.5 M, and the AChE 
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Figure 4.2.2.1. Comparison of acetylcholinesterase inhibition by some 
different Cyrtanthus alkaloid structural types, and tacrine (n=3). 
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Figure 5 .3. 1. Acety lcholinesterase activity as a functi n of quantity of 
erythrocyte membranes and t ime after addit ion of substrate (n .. 2). 
The amounl of prolein in the aliquols of erytllrocyte membranes was delermined by lhe 
BioRadr~ assay using Bovine Serum Albumin (BSAl from Serovac (Soulh Africa), and 
was found to be 0 981 ",gfml. ie. 9.81 ng in the 10 "I aliquot. 
" 
I 





0 " '" " " ",9 BSA 
Figure 5.3.2. Blorad' · Protein Determination Assay Standard Curve 












Assuming the reaction follows first order enzyme kinetics, a maximum absorbance of 
2.053 ± 0.0391 (n- 3) ,",'as correlated with 0.124 >lmoles of thiocholine product 
Subsequent optical densities were convened to runoJes ofthiocholine fonned per minute. 
,~~~~~~~~--~ 
o 20 40 60 eo 100 
Erythrocyte protein (ng) 
Figure 5.3.3. Plot of thiocholine production against amount of erythrocyte 
protein 
Taking a stWldard reading at 5 minutes (00,05 - 1.438 ± 0.0103), which correlates to 
0.0868 >llnoJes thiochol ine product, the acetycholinesterase activity can be calculated as: 
86.8 runoles 1 5 min 19.8 ng protein = 1.77 nmoles 1 min 1 ng protein 
For the acetycholinesterase inhibition assays, the alkaloids and the positive control. 
tacrine (Sigma, St Louis, USA) were dissolved in 100 1-'1 of methanol and then serially 
di luted in PBS to the correct molarities. The compounds were initially screened for 
inhibition of erythrocyte AChE at 10'; M. and thereafter. full dose response curves were 
obtained for a concentration range between 10-5 M and 10~ M. The compolUlds and 
erythrocyte membranes were incubated at room temperature for 30 minutes prior to the 
addition of the fresh ly prepared substrate, The absorbencies at A.- 405nm were then 
detennined using a microtitre plate reader (Cambridge TeclUloJogy) at regular time 
intervals. The percentage AChE inhibition was calculated for each of the compounds in 
comparison to an internal methanol-phospha te buffer control. Experiments were 











,,' , \, .' 
The 96-welJ microtitre plate was set up as follows for the assay; 
c 
D 
--------_.--.', '1,-,,''81 ,- :!:-,.~ 
.: "'; ~"" . __ ."_~.-J:...1JQ~ 
. . .. ' ,;".""", 
.', .:" ,';,::~ .,,-" '~,,,,~ 





Figure 5.3.4. Representation of microtitre plate for AChE assay 
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File Name 102.ms2 
File DatelTime 11-04-00 at 10:49:29 
File Hi-Res Data - Ctd 
File on MASPEC II 
File Title 





Min Max Name 
C 0 24 Carbon-12 
H 0 34 1 
0 0 6 2 
N 0 1 3 
Allowable error minimum of 20.0 5.0mmu. 
Bond limits :::: 
Scan 30#0:06:56 - 7 - 39#0:08:57 
Number of filtered down to 15. 
Base 100% 
Mass Calculated ppm mmu RlDB Formula 
303.14797 31.77 303.14706 -3.0 -0.9 8.0 C1 
302.14099 12.46 302.13923 -5.8 -1.8 8.5 
286.14493 7.50 286.14432 -2.1 -0.6 8.5 
286.14164 -11.5 -3.3 4.0 
232.09930 7.13 232.09737 -8.3 -1.9 7.5 
232.09469 -19.9 -4.6 3.0 
231.10014 21.78 231.10212 8.6 2.0 7.5 
230.09540 100.00 230.09429 -4.8 -1.1 8.0 
230.09697 6.8 1.6 12.5 
214.09339 4.25 - No match found -----
213.09035 17.71 213.09155 5.6 1.2 8.5 
197.06107 3.58 197.06025 -4.1 -0.8 9.5 
187.07599 4.54 187.07590 -0.5 -0.1 7.5 
181.06481 6.24 181.06534 2.9 0.5 9.5 
175.07452 3.55 175.07590 7.9 1.4 6.5 
174.06780 7.87 174.06808 1.6 0.3 7.0 
115.05464 4.50 115.05478 1.2 0.1 6.5 
44.05009 13.32 44.05002 -1.5 -0.1 0.5 
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...... End of Atomic Composition ***** 
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